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Aleutian Islands 2020 Report Card

Region-wide

e The North Pacific Index (NPI) was strongly positive from fall 2019 into 2020 due to the relatively
high sea level pressure in the region of the Aleutian Low, which was displaced to the northwest, over
Siberia, and caused persistent warm winds from the southwest. Positive NPI is expected during
La Nina but its magnitude was greater than expected, though not as large as in 2018.

e The Aleutians Islands region experienced suppressed storminess through fall and winter 2019/2020
across the region, favoring seabird foraging.

e The Alaska Stream appears to have been relatively diffuse on the south side of the eastern
Aleutian Islands for the eighth consecutive year. This is unusual in an area characterized by discrete
and intense events. Low eddy kinetic energy prevailed throughout the chain.

e Although the sea surface temperatures cooled off in 2020, relative to the 2014—2017 warm
period, the overall temperature was still warm due to heat retention throughout the water
column. The eastern Aleutians Islands was under an almost year long heatwave during 2019, which
was significantly less intense in the central and western islands. Temperatures during 2020 were
moderate across the archipelago.

Figure 1: The winter North Pacific Index time series, updated to 2020.
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Figure 2: The Aleutian Islands ecoregions
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Western Aleutian Islands Ecoregion 2020

e Temperatures have been much milder in this area, offering a potential refuge for populations from
farther east where heatwaves have occurred in recent years. While cooling at the surface, warm
water still prevailed in subsurface layers 100-250 m deep during 2020.

e The reproductive success of five planktivorous seabird species at Buldir Island was average to high in
2019, indicating that overall zooplankton availability was sufficient to support reproductive
success in 2019 and potentially other plankton eating commercial species.

e Forage fish trends, as indicated in tufted puffin chick meals, have varied over the long term, with
episodic peaks lasting 1-2 years. In general, sand lance have been absent since 2009, and age-0
gadids have not been seen in great abundance since 2006. Tufted puffins experienced reproductive
failures in 2017 and 2018, but had average reproductive success in 2019, signaling potentially favorable
condition for fish foragers. Both horned puffins and glaucous winged gulls had high reproductive
success, suggesting that forage fish availability was diverse and sufficient to raise chicks in
2019, and potentially other fish eating predators and commercially important groundfish.

e Steller sea lion numbers remained below their long-term mean when last estimated in 2019,
although there has been no significant trend in the past 5 years. The 2016 estimate was the lowest in
the time series.

e There are no schools in the western Aleutian Islands ecoregion.
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Figure 3: Western Aleutian Islands ecoregion indicators.

indicates time series updated in 2019 —

there were no 2020 updates
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Central Aleutian Islands Ecoregion 2020

e The most recent data available for sea otters show no trend but is from 2015. There is some
concern in the region as to their current population trend; however updated assessments should be
available next year.

e Counts of non-pup Steller sea lions remain below the long term mean, however the population
is either stable or slightly increasing; though the trend is not the same in all rookeries.

e Both Adak and Atka schools in the central Aleutian Islands have experienced a slight uptick
over the past 2 years, getting away from the 10-student threshold that risks closure of the schools,
thereby offering more stability to families living in those communities.
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Eastern Aleutian Islands Ecoregion 2020

e Although the time trends for the fish indicators don’t show it, four out of six monitored fish-eating
or piscivorous seabird species had high reproductive success in 2019, while the rest had an
average year. Together, this made 2019 one of the most successful years in recent history; despite the
year-long marine heatwave in this ecoregion. This broad reproductive success across species
signaled favorable environmental conditions to feed and raise chicks, as well as potentially
increased fish prey availability for other predators, including commercial groundfish.

e There are no available data for sea otters in the eastern Aleutians ecoregion.

e In contrast to the other regions in the Aleutian Islands, non-pup counts of Steller sea lions
continue to steadily increase. The recent estimates in 2019 have been above the long-term mean
and are continuing an increasing trend. Counts were largely stable through the 1990s, but have been
increasing a rate of 2% per year, offsetting the declines observed in the other regions of the Aleutian
Islands.

e School enrollment has increased since the recent low enrollment in 2014-15. This primarily
reflects trends in Unalaska, whereas the small communities have either closed schools (Nikolski) or are
at risk of closure (False Pass and Akutan).
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Executive Summary of Recent Trends
in the Aleutian Islands

This section contains links to all new and updated information contained in this report. The links
are organized within three sections: Physical and Environmental Trends, Ecosystem Trends, and
Fishing and Fisheries Trends.

Physical and Environmental Trends

North Pacific

e The North Pacific atmospheric-ocean climate system during fall 2019 to summer 2020 returned to
near average or average conditions across the region despite some warm temperatures that persist in
subsurface waters (p. 33).

e The prominent sea surface temperature anomalies during 2019-20 were positive and highest in the
eastern Aleutians. The negative phase that the NPGO has been in since 2012-2013 seems to coincide
with several other physical and biological processes in the region, such as the low kinetic energy in the
eastern Aleutians. The eddy kinetic pattern is shown to be distinct in each of the three regions of the
Aleutians (p. 38).

e Despite coherent regional patterns, distinct processes are shown to prevail in each area, with the
western Aleutians perhaps offering a thermal refuge for species or populations from farther east.
In general, climate conditions seems to have less extreme events throughout the archipelago when
compared with the rest of the LMEs in Alaska (p. 38).

e The North Pacific Index (NPI) was strongly positive from fall 2019 into 2020 due to the relatively
high sea level pressure in the region of the Aleutian Low, which was displaced to the northwest, over
Siberia. This caused persistent warm winds from the southwest over the Bering Sea last winter (p.
35).

e The North Pacific Gyre Oscillation (NPGO), while still negative, recovered from the decline in 2017
to early 2018, implying that flows in the Alaska portion of the Subarctic Gyre might be increasing (p.
33).

Aleutian Islands

e The Aleutians Islands region experienced suppressed storminess through fall and winter 2019/2020
with predominant winds from the southwest (p. 36).

e The Alaska Stream continues to be relatively diffuse on the south side of the eastern Aleutian Islands
(p. 50).

NPFMCBering Seaand AleutianislandsSAFE
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e Eddy kinetic energy in the Aleutian Islands region has been low from the fall 2012 through 2020,
indicating the likelihood of smaller than average fluxes of volume, heat, salt, and nutrients through
Amukta Pass (p. 50).

e A new satellite-derived SST indicator presents seasonal anomalies over time in the Aleutian Islands
ecoregions, as well as indications of a a marine heatwave and further characterization of the regional
patterns. The western Aleutians ecoregion is shown to be consistently cooler than the eastern Aleutians
and less subject to marine heatwaves (p. 40).

e Sea surface temperature values cooled to normal during the present year, a welcome cooling particularly
in the eastern Aleutians (p. 40).

e Continued warmer subsurface temperatures may impact Atka mackerel ontogeny. Sea surface tem-
perature was the most determinant variable of larval habitat in the modeling exercise done to define
Essential Fish Habitat in Alaska (p. 46).

Ecosystem Trends

e The NPGO has been negative for eight years consecutively (p. 33), as has the eddy kinetic energy in
the eastern Aleutian Islands (p. 50) .

e Kamchatka pink salmon, with its increasing record abundance in odd years, may exert a biennial
predation pressure on copepods which cascades through the system; recent research shows that seabird
reproductive success, otolith growth in Atka mackerel, and potentially Pacific ocean perch show such
biennial response (p. 32).

e Length-weight residuals continue to be negative for most groundfish. The trend started in 2012 for
several, coinciding with the negative NPGO and low EKE in the eastern Aleutians. Negative fish
condition also means several key prey fish such as Atka mackerel and pollock have been of less quality
as prey for 8 years now, which might be cascading to apex predators as well. Condition below the
mean is most marked in Pacific cod, northern rockfish, Pacific Ocean perch and arrowtooth flounder

(p- 56)

e In the Western ecoregion the reproductive success of planktivorous auklets has been higher than
average for the past five years. (p.63)

e Steller sea lions continue their decades-long decline in this ecoregion, albeit offset by increases in the
easternmost rookeries and in some in the central Aleutians. (p. 71).

e The overall reproductive success of both plankton and fish eating seabirds in 2019 signals a potential
increased variety of prey availability, adequate to rear chicks. This is further supported by a positive
anomaly in copepod community size, which would also have benefited young-of-the-year fish as well
as forage fish (p. 63).

e In general, seabirds in the Aleutians did not experience widespread failures as they did in the Gulf
of Alaska did during the marine heat wave of 2019. The above-average year of reproductive success
for seabirds in 2019, despite the marine heat wave in the east and the record high abundance of pink
Kamchatka salmon point to more than physical drivers throughout the ecosystem, and highlight the
role of prey availability. In addition to increased bioenergetic costs which may also play a role in
the below average condition of fish, inter- and intra-specific competition with and among rockfish
might also contribute to the below average fish condition. The high abundance of both Pacific ocean
perch and Kamchatka pink salmon, bothof which feed on copepods, might also contribute periodically
the competition for planktonic prey. The reproductive success of the 2019 season offsets the poor
reproductive success of seabirds in 2018 at Buldir Island (western AI) and the mixed success at Aiktak
Island (eastern AI). In addition to high reproductive success, several species also had earlier hatching
dates, potentially signaling an early spring bloom throughout the region (p. 63).

10
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e The western AI Steller sea lion adult population decreased rapidly at approximately -7% per year.
Sub-area population trends improved to the east, through to the western Gulf of Alaska, where the
annual trend was approximately +4% per year. Regional trends in pup production are similar to trends
in non-pup counts, with continued relatively steep declines in the western Al, a less steep decline in
the central AI, and improvement in the eastern Al (p. 71), Figure 3).

e New indicators keeps track of strandings of marine mammals and seabirds, as part of new contributions.
The low frequency of strandings and die-offs in the Aleutians seems to be a combination of fewer
observations, and also less extreme conditions (p. 74).

Fishing and Fisheries Trends

e Since 1993, discards and discard rates of groundfish in federally-managed Alaskan groundfish fisheries
have generally declined across the trawl pollock, non-pollock trawl, and fixed gear sectors in the
Aleutian Islands. To date in 2018, discard levels across all sectors appear to be consistent with levels
during the previous 5-year period (p. 80).

e Non-target catch of Scyphozoan jellyfish in trawl fisheries in the Aleutian Islands remains high since
2017. The catch of structural epifauna (sponges, corals, and bryzoans) was variable, but has continued
a slight increase from 2017 to 2019, following a substantial increase in 2017 (p. 82).

e In 2019, the incidental catch of seabirds in Aleutian Islands groundfish fisheries was seven times higher
than estimates from 2018 (804 birds), and was about three times higher than the 2010-2018 average
of 717 birds. The increase is largely explained by the large number of shearwaters caught. This high
bycatch coincides with a widespread shearwater die-off throughout the North Pacific in 2019 (p. 84).

e Unemployment rates in Aleutian Islands fishing communities from 1990 to 2017 continue to be lower
than state and national rates, reflecting stability in the commercial fishing and seafood processing
industries (p. 99).

e As of 2019, the total population including all Aleutian Island communities was 5,989 people. The
eastern Al has had the most steady population increase between 1880 and 2015, whereas the central
AT experienced fluctuations and some communities have remained at approximately the same level
since 2010. The western AI has had no residents since 2011 (p. 102).

e While Unalaska schools in the eastern Aleutian Islands have maintained relatively stable enrollment
since 1996, Nikolski, Akutan, and False Pass have diminished dramatically and are no longer viable.
Both Adak and Atka schools in the central Aleutian Islands have experienced declining enrollment,
with only 18 and 10 students enrolled, respectively (p. 105).

11
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The primary intent of this assessment is to summarize and synthesize historical climate and fishing effects
on the shelf and slope regions of the Aleutian Islands (AI) from an ecosystem perspective, and to provide
an assessment of the possible future effects of changes in the climate and fishing on ecosystem structure and
function. The Ecosystem Considerations section of the Groundfish Stock Assessment and Fishery Evalua-
tion (SAFE) report provides the historical perspective of status and trends of ecosystem components and
ecosystem-level attributes using an indicator approach. For the purposes of management, this information
must be synthesized to provide a coherent view of ecosystems effects in order to clearly recommend precau-
tionary thresholds, if any, required to protect ecosystem integrity. The eventual goal of the synthesis is to
provide succinct indicators of current ecosystem conditions. In order to perform this synthesis, a blend of
data analysis and modeling is required annually to assess current ecosystem states within the context of its
history, as well as past and future climate.

The Aleutian Islands ecosystem assessment area

The Aleutian Islands ecosystem assessment and Report Card are presented by three ecoregions. The ecore-
gions were defined based upon evidence of significant ecosystem distinction from the adjacent ecoregions
by a team of ecosystem experts in 2011. The team also concluded that developing an assessment of the
ecosystem at this regional level would emphasize the variability inherent in this large area, which stretches
1900 km from the Alaska Peninsula in the east to the Commander Islands in the west. For the purposes of
this assessment, however, the western boundary is considered the U.S. - Russia border at 170°E.

The three Aleutian Islands ecoregions are defined from west to east as follows (Figure 8). The western
Aleutian Islands ecoregion spans 170° to 177°E. These are the same boundaries as the North Pacific Fishery
Council fishery management area 543. This ecoregion was considered to be distinct from the neighboring
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region to the east by primarily northward flow of the Alaska Stream through wide and deep passes (Ladd,
pers. comm.), with fewer islands relative to the other ecoregions.

The central Aleutian Islands ecoregion spans 177°E to 170°W. This area encompasses the North Pacific
Fishery Council fishery management areas 542 and 541. There was consensus among the team that the
eastern boundary of this ecoregion occurs at Samalga Pass, which is at 169.5°W, but for easier translation
to fishery management area, it was agreed that 170°W was a close approximation. The geometry of the
passes between islands differs to the east and west of Samalga Pass (at least until Amchitka Pass). In the
central ecoregion the passes are wide, deep and short. The Alaska Stream, a shelf-break current, is the
predominant source of water (Figure 7). There is more vertical mixing as well as bidirectional flow in the
passes. This delineation also aligns with studies suggesting there is a biological boundary at this point based
on differences in chlorophyll, zooplankton, fish, seabirds, and marine mammals (Hunt and Stabeno, 2005).

The eastern Aleutian Islands ecoregion spans 170°W to False Pass at 164°W. The passes in this ecoregion are
characteristically narrow, shallow and long, with lateral mixing of water and northward flow. The prominent
source is from the Alaska Coastal Current, with a strong freshwater component. This area encompasses the
NPFMC fishery management areas 518, 517 (EBS) and the western half of 610 (GOA).

-
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/ Amchitka 1 Aiktak Island
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Figure 6: The three Aleutian Islands assessment ecoregions.
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Figure 7: Ocean water circulation in the Aleutians. Currents are indicated with black lines. Passes are
indicated with white lines. Image from Carol Ladd.

Summary

This year, due to the COVID-19 pandemic, most surveys and fieldwork were cancelled, so there are no
biological indicators updated for 2020. The new information in this assessment is largely from remote-
sensing, updated analysis of 2019 data, and local observations. Whenever possible we included data for 2019
as an update from the previous 2018 Aleutian Islands Ecosystem Status Report. Cancelled surveys and data
streams include:

1. AFSC AI 2020 biennial bottom trawl survey, which provides data for:

(a) Aleutian Islands Trawl Survey Water Temperature Analysis
Jellyfish in the Bottom Trawl Survey

Aleutian Islands Groundfish Condition

Distribution of Rockfish Species in the Aleutian Islands

Stability of Groundfish Biomass in the Aleutian Islands

)

)

)

) Miscellaneous Species in the Aleutian Islands

)

) Mean Length of the Fish Community in the Aleutian Islands
)

Mean Lifespan of the Fish Community in the Aleutian Islands
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2. AMNWR seabird monitoring, which provides data for:

(a) Hatching dates at Buldir and Aiktak

(b) Reproductive success at Buldir and Aiktak

(c¢) Seabird diets—tufted puffin chicks diets

(d) Seabirds die-offs (contribute data to overall dataset)

3. AFSC Steller sea lion surveys, which provides data for:

(a) Counts of non-pups at rookeries and haul-outs

(b) Counts of pups at rookeries and haul-outs
4. COASST year-round citizen scientists surveys, which provide data for:

(a) Seabird die-offs
(b) Beached bird relative abundance

5. Fish and Wildlife Survey periodic sea otter survey that was planned this year.

Most of what we can say about the Aleutians Islands ecosystem is based upon biological trends. There
are large gaps in knowledge about the local physical processes and, as a result, their impact on biological
processes. These gaps are largely due to geographic reality. For example, persistent cloudiness and strong
currents preclude obtaining comprehensive satellite-derived data and the use of various unmanned underwater
vehicles. In addition to the sheer distances involved in surveying the island chain that make comparing west-
east trends in indicators such as bottom temperature difficult due to difference in timing of oceanographic
surveys across the region, the archipelago is also influenced by different processes in the eastern than in
the western Aleutians. Differences in survey timing and longitudinal gradients may also affect detection of
biological patterns, as gradients are seldom monotonic in any direction. Integrative biological indicators such
as fish or sea lion abundances may be responding to physical indicators such as bottom temperature, but
are less sensitive to timing of when they are surveyed compared with direct measurements of temperature.
Also, the extensive nearshore component of the ecosystem, narrow shelf relative to the entire ecosystem,
and strong oceanographic input mean that some metrics commonly used as ecosystem indicators in other
systems may not be as informative in the Aleutians. Therefore, our synthesis of ecosystem indicators by
necessity includes speculation.

During 2019-2020, the state of the North Pacific atmosphere-ocean system featured the continuance of warm
sea surface temperature anomalies in the Gulf of Alaska with an almost year-long marine heat wave in 2019
that decreased significantly towards the west, with subsurface warmer temperatures throughout the chain
that reached the western Aleutians. Bottom trawl survey temperatures from 2019 support model results from
the Global Ocean Data Assimilation System that show the persistence of subsurface warmer temperatures in
the 100-250 m deep layer that have stayed statistically above the long-term mean. The warm temperatures
can be attributed in part to slower at-depth processes. In 2020, the surface temperatures cooled, and climate
indices were near average, potentially offering more favorable environmental conditions for biota relative to
recent years.

Newly estimated indices show eddies have a distinctly different signature across the island chain, with
discrete, strong events characterizing the east and multiple or multi-year but less intense events towards the
west. The role of these eddies and how they are processed within the system are yet to be understood, as
stocks and overall populations are subject to the dynamics in the east and the west throughout their life
cycle. Eddy kinetic energy has remained low since 2013 in the east, and this coincides with the North Pacific
Gyre Oscillation more than with the North Pacific Index, which is typically the more characteristic index of
the region. Model results suggest moderate increases in the strength of the Alaskan Stream Current increases
flow through the eastern passes such as Amukta, while stronger flows carry the current westward, decreasing
flows through the eastern passes and increasing them through the wider and deeper passes prevalent in the
central and western Aleutians.
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With average or close to average climate conditions throughout, 2020 is expected to be a return to more
favorable conditions for the biological components of the Aleutian Islands ecosystem.

Biological summary through 2019 In general, warmer temperatures increase bioenergetic costs for
ectothermic fish, and all else being equal, prey consumption must increase to maintain fish condition. These
increased bioenergetic costs and consumption demands may partly explain why the observed body condition
of several commercial groundfish (adult pollock, Pacific cod, northern rockfish and Pacific ocean perch) has
been lower than the survey mean since 2012, as last measured by length-weight residuals during the biennial
summer bottom trawl survey during 2018. We note however, that for Pacific Ocean perch and northern
rockfish, intraspecific competition might be a contributing factor, as their abundance increased and appears
to have now stabilized at high biomasses (e.g. Pacific Ocean perch) that now surpass that of Atka mackerel
and pollock combined. While Pacific Ocean perch condition has also been lower than the long term mean,
it has decreased less than that of the rockfish. The poorer condition of fish, particularly of species such as
Atka mackerel and pollock that when small serve as prey for piscivorous seabirds and apex fish predators like
Pacific cod and arrowtooth flounder, also means that that their quality as prey has decreased, with potential
cascading effects on their predators.

Figure 8: Compared indicators before and after 2012, from top to bottom left side: NPGO, summer
SST by AI region, CPR, EKE (top WAI, middle CAI, bottom, EAT), right side, Fish Condition.

Warmer temperatures may also impact ontogenesis of Atka mackerel eggs (Lauth et al., 2007). Surface tem-
perature was found to be the most important determinant of egg and larval stage distribution of commercial
fish in Alaska based on the distribution models used to define EFH. For many of the commercial groundfish
for which the youngest age in the stock assessment is 4 years old or older, effects of this sustained warmer
temperature on recruitment will not be immediately apparent.

These generally unfavorable conditions seem to be improving, as seabirds—both plankton and fish-eating
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species—had earlier to average hatch dates and average to above-average reproductive success in 2019. This
seems particularly true for surface-feeding seabirds which have been shown to respond more consistently with
changes in their phenology as warmer temperatures bring earlier spring blooms. This flexibilty and higher
response to fluctuations in the environment is also coherent with the lower response to variable environmental
conditions that is observed in fish and seabirds used to generally more stable processes at depth throughout
their lifespan.

In addition to physical drivers, Kamchatka pink salmon (a new indicator this year), with a marked biennial
signal in their abundance that peaks in odd years, has been shown to be correlated with copepod abundance,
otolith growth in Atka mackerel, planktivorous seabird reproductive success (Batten et al., 2018; Matta
et al., 2020; Springer and van Vliet, 2014), and potentially, Pacific ocean perch young of the year. With
record abundance in 2019 and an increasing trend over the past decade, their potential for competitive
impacts on prey availability for other groundfish and cascading ecosystem effects warrants consideration.
This competitive impacts may differ for fish feeding in shallow versus deeper waters as other biological
processes may confound physical forcing driven by surface temperatures or may have a lagged effect in
deeper waters. While, in general, Kamchatka pink salmon abundance correlates with a lower copepod
abundance in off years, 2019 was an exception, as shown by the CPR timeseries which shows an increase
in the mean size of the copepod community and its abundance - as supported by the decreased biomass
of large diatoms which signals a potential increased predation pressure from copepods. With a potential
cascading effect on plankton feeding species and young-of-year fish, this may partly explain the success of
fish feeding seabirds in 2019. Understanding the interplay of vertical and horizontal spatial variability in
food-web and oceanographic dynamics is particularly relevant given the higher reliance on plankton in the
western Aleutians versus more piscivorous and invertivore feeding habits of fish and seabirds towards the
eastern Aleutians.

The largest total biomass of both fish apex predators and pelagic foragers is located in the central Aleutians,
the ecoregion with the largest shelf area under 500m. The lowest apex predator biomass is located in the
western Aleutians whereas that of pelagic foragers is found in the eastern Aleutians. This pattern has
been consistent since 1991, though individual species group fluctuations do not necessarily follow the same
behavior. Finally, the increase of Pacific Ocean perch biomass and its stable high population, might be
driving some spatial dynamics, where it may be encroaching onto other species’ habitats, as seen by the
estimated increase in the area occupied shown in the Pacific Ocean perch stock assessment. This increase in
abundance and area occupied may be the cause of the increased bycatch of Pacific Ocean perch.

Western Ecoregion In the western ecoregion, the reproductive success of planktivorous auklets, serving
as indicators of zooplankton production, was above average during 2019. Both least and crested auklets
hatched chicks earlier than the long term average. These species feed their chicks mainly euphausiids and
copepods, respectively. Parakeet, whiskered, and crested auklets all had high reproductive success in 2019,
while that of least auklets was average. While the overall timing of breeding for fish-eating seabirds was
average in 2019, their reproductive success varied. Glaucous-winged gulls and horned puffins had high
reproductive success, tufted puffins and thick billed murres had average reproductive success, and common
murres failed. There was an increase in the variety of fish brought back to feed tufted puffin chicks. Increased
diversity in chick diets may indicate that more favored prey were less available. There was a slight increase
in the proportion of gadids fed but lower proportions of hexagrammids (likely age-0) and Ammodytes. It
is still unknown whether the high number of hexagrammids seen in 2013 and 2014 possibly indicated high
recruitment in Atka mackerel, as their overall abundance has been in decline since 2006. Steller sea lion non-
pup counts continue to decline with the lowest estimated numbers yet in 2019. The diet of Steller sea lions
consists primarily of commercially fished species, many of which seem to have had poorer body condition
in recent years. The declining Steller sea lion trends in both numbers and birth rates are topics of active
research, and prey quality may play a role in their lack of recovery.
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Central Ecoregion There was a slight increase in Steller sea lions non-pup estimates in 2019, which
although small, have been consistent since 2015. School enrollment was slightly higher, pointing perhaps to
more stable conditions for families in the area. The increase was driven by both students in Adak and Atka.

Eastern Ecoregion Pollock and Pacific Ocean perch commonly comprise more than half the pelagic
foraging fish biomass observed in the bottom trawl survey, and 2019 was no exception. There are almost
no northern rockfish in this area, but Pacific Ocean perch has been increasing their spatial extent, as seen
by the estimated area occupied in the Pacific Ocean perch stock assessment. All the piscivorous seabirds
species monitored for reproductive timing at Aiktak Island in Unimak Pass, hatched chicks early or on
average in 2019, signaling favorable foraging conditions in the region. Reproductive success was high for
red-faced cormorants, thick-billed murres, and puffins. This is despite the low forage fish availability of
sandlance Ammodytes, gadiids and hexagrammids as suggested by the 2019 diets of tufted puffin chicks.
Chick-provisioning patterns suggest puffins are responding to changes in forage fish availability. As in the
west, the diversity of fish prey in puffin diets increased in 2019, possibly indicating that more favored prey
were less available. Planktivorous auklets are not as numerous in the eastern ecoregion as in the central and
western ecoregion and are not monitored in the Eastern ecoregion. School enrollment dropped slightly in
2019 compared to 2018, but is still above the long-term mean, possibly indicating more stable conditions for
families.
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Ecosystem Indicators

Report Card Indicator Descriptions

The suite of indicators that form the basis for the Aleutian Islands Report Cards was selected to provide
a comprehensive view of the Aleutian Island ecosystem reflecting across trophic levels from the physical
environment to top predators and humans, as well as both the nearshore and offshore environments. Ideally,
they could be rrregularly updatable across all ecoregions (Western, Central and Eastern), thereby character-
izing a global attribute with local conditions. Although a single suite of indicators was chosen for the entire
ecosystem, not all are available or applicable in each of the three ecoregions. The final selection reflected
the limitations of available data sets for the Aleutian Islands ecosystem.

1. Winter North Pacific Index anomaly relative to the 1961-2000 mean

o

Reproductive anomalies of planktivorous least auklet and crested auklets as indicators of zooplankton
productivity

Proportions of Ammodytes, gadids, and hexagrammids in tufted puffin chick diets
Apex predator and pelagic forager fish biomass indices

Sea otter counts

Steller sea lion non pup counts (juveniles and adults)

Percent of shelf <500m deep trawled

® N> oW

K-12 enrollment in Aleutian Islands schools

Winter North Pacific Index The North Pacific Index (Trenberth and Hurrell, 1994), the area
weighted mean sea level pressure over the region 30° - 65°N, 160°E - 140°W, is a widely used measure
of the intensity of the Aleutian Low. A negative winter (November - March) NPI anomaly implies a strong
Aleutian Low and generally stormier conditions. It has been suggested that correlations between a strong
Aleutian Low and decreased seabird productivity in the Aleutian Islands may be due to decreased prey
(zooplankton) availability (Bond et al., 2011). Also, stormier conditions may make seabird foraging more
difficult for both surface-feeding and pursuit-diving seabird species. The winter index is the average NPI
from November through March (year of January), and the anomalies are normalized by the mean (8.65) and
standard deviation (2.23) for 1961-2000. Data is updated every month, indicator is updated anually.

Contact nicholas.bond@noaa.gov

Reproductive anomalies of planktivorous least auklet and crested auklets Least auklets
(Aethia pusilla) and crested auklets (A. cristatella) are small, abundant seabirds that nest in the Aleutian
Islands. The USFWS stations field biologists to monitor auklet chick diets and reproductive success annually
at Buldir Island and less frequently at other islands on which they occur. Both species are planktivorous
and dive to capture their prey. Least auklet chick diets are mainly composed of Neocalanus cristatus, N.
plumchrus, and N. flemingeri. Crested auklet chick diets consist of mainly Euphausiacea and N. cristatus.
Due to the lack of time series of direct measurements of zooplankton in the Aleutian Islands, the team
selected reproductive anomalies of least and crested auklets as indicators of copepod and euphausiid abun-
dance, respectively. Reproductive anomalies were selected as the metric of interest instead of chick diets
because reproductive success is an integrative indictor of ecosystem productivity and forage for planktivorous
commercially-fished species. Surveys are conducted on an annual basis.
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Reproductive success is defined as the ratio of number of nest sites with a fledged chick to the number of nest
sites with eggs. In the Western ecoregion, reproductive success of least and crested auklets have been recorded
annually at Buldir Island with the exception of 1989, 1999 and 2020. In the Central ecoregion, reproductive
success was monitored annually at Kasatochi Island from 1996-2007. In 2008 a volcanic eruption covered
the monitored colony in ash, disrupting breeding. This indicaros was dropped in 2020 as it is unknown when
auklets will nest there again and if so, whether observations will continue. Data were provided by the Alaska
Maritime National Wildlife Refuge.

Contact heather.renner@fws.gov

Proportions of hexagrammids, gadids, and Ammodytes in tufted puffin chick diets
Tufted puffins (Fratercula cirrhata) are medium-sized seabirds that nest in varying densities throughout the
Aleutians. The USFWS stations field biologists to monitor puffin chick diets annually at Buldir and Aiktak
Islands (Figure 8) and less frequently at other Aleutian islands on which they occur. Puffins carry multiple
prey items in their bills when they return to their colonies to feed their chicks. Forage fish and squid comprise
most of puffin chick diets. In the absence of direct measures of forage fish abundance, time series of percent
biomass of hexagrammids, gadids, and Ammodytes in puffin chick meals were selected as indicators of forage
fish recruitment and system-wide productivity. Surveys are conducted on an annual basis.

Contact heather.renner@fws.gov

Apex predator and pelagic forager fish biomass indices We present two foraging guilds to
indicate the status and trends for fish in the Aleutian Islands: apex predators and pelagic foragers. Each is
described in detail below. This guild analysis was based on the time series available as part of the NOAA
summer bottom trawl survey for the Aleutian Islands (Western and Central ecoregions) and the Aleutian
Islands and Gulf of Alaska combined (Eastern ecoregion). These two guilds are based on the aggregation
of Aleutian species by trophic role, habitat and physiological status. The species included in each guild are
listed in Table 1.

Table 1: Species included in foraging guild-based fish biomass indices for the Aleutian Islands

Fish Apex Predators Pelagic Fish Foragers

Pacfic cod Atka mackerel
Pacific halibut Northern Rockfish
Arrowtooth flounder Pacific ocean perch
Kamchatka flounder Walleye pollock

Rougheye rockfish
Blackspotted rockfish
Large sculpins

Skates

Time series for the Western and Central ecoregions are based on data collected from the AI bottom trawl
survey, which is conducted every other year during even years. The Eastern ecoregion time series is a
composite of the Aleutian Islands survey, which samples the northern portion of the islands, and the Gulf
of Alaska survey, which samples the southern portion. Since surveys in these two areas are conducted in
different years, the biomass estimates represent the closest pair of years pooled together to get a total biomass
estimate for the shelf region (0-500m). This time series excludes deep-water species such as sablefish and
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grenadiers, as most are found deeper than the trawl survey samples. The Team acknowledges that these
would be good to include, but that the trawl survey does not sample them well.

Contact wonne.ortiz@noaa.gov

Sea otter counts Sea otter (Enhydra lutris) counts were selected as a representative of the nearshore
Aleutian environment. The >300 islands which make up the Aleutian chain provide extensive nearshore
habitat. Sea otters are an integral component of the coastal ecosystems in which they occur. Sea otter
predation limits the distribution and abundance of their benthic invertebrate prey, in particular herbivorous
sea urchins. Otter-induced urchin declines increase the distribution and abundance of kelp in Alaska (Estes
and Duggins, 1995) and in other areas of their range (Breen et al., 1982; Kvitek et al., 1998). This trophic
cascade initiated by sea otters has indirect effects on other species and processes. Kelp forests are more
productive than habitat without kelp (a.k.a. “sea urchin barrens”), fixing 3-4 times more organic carbon
through photosynthesis (Duggins et al., 1989). This increased primary production results in increased growth
and population size of consumers such as mussels and barnacles (Duggins et al., 1989). Rock greenling (Hex-
agrammos lagocephalus), a common fish of the kelp forests of the Aleutian Islands, are an order of magnitude
more abundant in kelp forests than in sea urchin barrens (Reisewitz et al., 2006). Kelp forests likely function
as nearshore habitat for other Aleutian Islands fish, such as the related Atka mackerel (Hezxamgrammos
monopterygius). Sea otter impacts on kelp forests also influence the behavior and foraging ecology of other
coastal species such as Glaucous Winged Gulls (Irons et al., 1986) and Bald Eagles (Anthony et al., 2008).

Sea otter survey methods are detailed in Doroff et al. Doroff et al. (2003). Skiff-based surveys of sea otters
were conducted several times during 2003, 2005, 2007, 2009 and 2011 at Amchitka Island, Kiska and Little
Kiska Islands, Attu Island, Agattu Island, Rat Island and the Semichi Islands when viewing conditions were
good to excellent (Beaufort sea state of 1-2, and .1 km of clear visibility at sea level). Full surveys were
not conducted in 2011 at Kiska and Little Kiska Islands, in 2003 at Rat Island, and in 2005 and 2011 at
the Semichi Islands. Two or more observers counted sea otters from a 5.2-m skiff as it was run parallel to
shore along the outer margins of kelp (Alaria fistulosa) beds at 15-22 km/h. Sea otters were counted with
the unaided eye, using binoculars to confirm sightings or to count animals in large groups. The shoreline
of each island was divided into contiguous segments, each 3-10 km in length and separated by distinctive
topographic features (e.g., prominent points of land). Counts were recorded separately for each section. To
maximize the time series available for this assessment, only counts of otters at Attu are presented for the
Western ecoregion and counts at Amchitka for the Central ecoregion. Surveys are periodic, not on an annual
basis.

Contributed by Tim Tinker, formerly of USGS

Steller sea lion non pup counts Counts of adult and juvenile Steller sea lions (Eumetopias jubatus)
are used in the Aleutian Island ecosystem assessment to represent the status of an apex piscivorous predator
whose diet consists primarily of commercially-fished species. The Steller sea lion inhabits coastal regions of
the North Pacific Ocean, breeding in summer on terrestrial rookeries located from California north throughout
the Gulf of Alaska, the eastern Bering Sea, the Aleutian Islands, Kamchatka Peninsula, Sea of Okhotsk, and
the Kuril Islands (NMFS, 2010). The Steller sea lion is the world’s largest member of the Otariidae family of
pinnipeds. On average, Steller sea lions consume 6-10% of their body weight per day, but during lactation,
energy intake by adult females may increase by as much as 3-fold (Keyes, 1968; Winship et al., 2002; Williams,
2005). Steller sea lions are generalist predators and consume a wide variety of fish and cephalopods in habitats
ranging from nearshore demersal to offshore epi-pelagic, with local diets reflecting the species composition
of the local fish community (Pitcher and Fay, 1982; Riemer and Brown, 1997; Sinclair and Zeppelin, 2002;
Waite and Burkanov, 2006; Trites et al., 2007; McKenzie and Wynne, 2008; Fritz and Stinchcomb, 2005).
In the Aleutian Islands, the diet consists largely of Atka mackerel, followed by salmon, cephalopods, Pacific
cod, sculpins and walleye pollock (Sinclair and Zeppelin, 2002). Unlike phocid pinnipeds, otariids do not
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have large blubber (energy) stores, and as a consequence, require reliable access to predictable, local prey
aggregations to thrive (Williams, 2005; Sigler et al., 2009).

Status and trend of Steller sea lion populations in Alaska are assessed using aerial photographic surveys of a
series of 'trend’ terrestrial haul-outs and rookeries that have been consistently surveyed each summer breeding
season, when the proportion of animals hauled out is the highest during the year (Sease and York, 2003).
Since 2004, NMFS has used high-resolution vertical photography (computer-controlled camera mounted in
the belly of the plane) in its sea lion surveys in Alaska. This replaced the oblique, hand-held photographic
techniques used from the first surveys in the 1960s and 1970s through 2002. Counts from vertical high
resolution photographs were found to be 3.6% higher than those from oblique photos, necessitating the
use of a correction factor to correctly compare recent counts with the rest of the time series (Fritz and
Stinchcomb, 2005). Trend sites include the vast majority (>90%) of animals observed in each survey. Adults
and juvenile (non-pup) numbers used for population trend assessment are sums of counts at trend sites within
sub-areas or across the range of the western DPS in Alaska (NMF'S, 2010). Replicate surveys conducted in
the summers of 1992 and 1994 indicated that sub-area trend site counts of non-pups are stable within each
breeding season (coefficients of variation of ~5%; NMFS, unpublished data).

In our Aleutian Island ecosystem assessment, estimated counts of adult and juvenile Steller sea lions at trend
sites are used to indicate of the "health’ of apex piscivores whose diet consists primarily of commercially-fished
species. The estimated counts are updated annualy. The survey sites used in the assessment are:

o Western (172-177°E; 10 sites in the Near Island group and Buldir west of Kiska),

e Central (177°E to ~170°W; 62 sites in the Rat, Delarof, and Andreanof Island groups, plus the Islands
of Four Mountains), and

e FEastern ecoregions (163-170°W; 30 sites in the Fox and Krenitzin Islands, on Unimak Island, and on
and near Amak Island in the southeastern Bering Sea)

Contact: kathryn.sweeney@noaa.gov

Habitat disturbance from trawls This indicator uses output from the Fishing Effects (FE) model
to estimate the habitat reduction of geological and biological features over the Bering Sea domain, utilizing
spatially-explicit VMS data. The effects are cumulative, incorporating both estimated recovery time and
disturbance. The time series for this indicator is available since 2003, when widespread VMS data became
available. The monthly value in December is used as an annual indicator, which is updated anually.

Contact: john.v.olson@noaa.gov

K-12 enrollment in Aleutian Islands schools The number of children enrolled in schools was
selected as an indicator of vibrant, sustainable communities in the Aleutian Islands ecosystem. Community
residents are closely tied to the ecosystem through sense of place and daily experience and activity. Enroll-
ment statistics for kindergarten through twelfth (K-12) grades by school and region were compiled for the
years 1996 through 2014 (http://www.eed.state.ak.us/stats/). School enrollment numbers fluctuate
widely and serve to highlight the difficulties in maintaining sustainable communities within the Aleutian
Islands ecosystem. Enrollment statistics are updated annually.

Contact sarah.wise@noaa.gov
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Noteworthy formerly Hot Topics

This section replaces the previously-named Hot Topics. We include information here that is deemed of
relevance to ecosystem considerations of fisheries managers, but does not fit our typical indicator format.
Information included here is often new, a one-time event, qualitative, or some other type of non-standard
ecosystem indicator.

COVID-19 Pandemic

The COVID-19 pandemic, also known as the coronavirus pandemic, is an ongoing global pandemic of coro-
navirus disease 2019 (COVID-19).to control the spread of the disease nationally and across the globe have
included lockdowns and quarantines, which in many cases precluded the annual surveys conducted by agen-
cies, universities, citizen scientists, communities, and other partners. As such, most of the data included in
this report refers to 2019. Data for 2020 is included for the Integrated Physical Factors (satellite-derived
data or model output), seabird die-offs, marine mammal strandings, fish stock sustainability, and groundfish
discards.

COVID-19 Pandemic in Alaska

Alaska Governor Dunleavy declared a state of emergency on 11 March 2020 and the first confirmed case
occurred on 12 March 2020. Restaurants, bars, breweries, and food trucks all closed beginning on 18 March
2020, which may have limited some amount of seafood sales in some communities, however, the large scale
and global nature of Alaska fisheries means that restaurant closures throughout the lower 48 and globally
are more likely to impact Alaska seafood sales. The Governor announced on 23 March 2020 that “All people
arriving in Alaska, whether resident, worker or visitor, are required to self-quarantine for 14 days and monitor
for illness. Arriving residents and workers in self-quarantine, should work from home, unless you support
critical infrastructure (see Attachment A).” Fishing and processing businesses are included in Attachment A
as “essential businesses”, which allowed many fishing operations to continue in 2020, albeit at a substantial
cost to the harvesting and processing industries in Alaska to maintain a safe working environment for their
employees and minimize spread to local community residents. More information on the actions of the State
of Alaska in response to this crisis can be found on the State of Alaska webpage for COVID-19 Health
Mandates https://covidl9.alaska.gov/health-mandates/.

Industry has reported that they have spent over $50 millionhttps://www.alaskaseafood.org/covid-19-
impact-reports/ to reduce the risk of COVID-19 transmission among harvesters, processors, and the local
communities while still providing important seafood for the U.S. and international markets as well as pro-
viding food security for many Alaskans. The seafood industry has been fairly successful in Alaska limiting
virus spread, but they had to deal with a substantial reduction in transportation options in many Western
Alaska and Aleutian Islands communities and limited ability to switch crews throughout the fishing seasons
to date. The NMFS Alaska Regional Office has been instrumental in devising solutions with industry to
allow the continuation of fishing operations and limit the need for fisheries closures which would otherwise
lead to vessel downtime and higher crew turnover increasing the risk of COVID-19 transmission.

Given this unprecedented disruption to the industry in 2020, AFSC has developed a series of in-season ex-
vessel revenue projections for 2020 to provide the NPFMC, industry, and the public with more near real-time
economic information for the annual groundfish harvest specifications process for 2021. The new section can
be found in the Groundfish Economic SAFE report, where one can find more details on data, methods, and
species-specific 2020 (January—September) ex-vessel revenue projections in the BSAI and GOA.
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Harmful Algal Blooms

Shellfish testing in the Aleutian Islands and Alaska Peninsula showed unprecedented levels of paralytic
shellfish toxins in shellfish. In Unalaska, consumption of blue mussels and snails resulted in a community
member fatality in July. The total toxin load of a sample of the blue mussels that were consumed was 11,200
g/100g (140 times the regulatory limit) and the snails consumed were 287 g/100g (~3x above the regulatory
limit). Amaknak Island in Unalaska Bay also had samples with toxicity slightly above the limit, blue mussels
2.8x and snails 1.4x. Weekly shellfish samples were taken in 17 locations throughout the Aleutian and Alaska
Peninsula region and results are still being analyzed.

In addition to Unalaska, west of the Aleutians the Kamchatka Peninsula also had a major toxic event last
September, where octopi, seals and other fauna, died due to the high toxicity level of a harmful algal bloom.
The event also caused sickness and corneal burns in people surfing and/or swimming in the area. While no
events have been recorded extensively in the islands, it is of note that HABs of high toxicity occurred at
both ends of the archipelago.

Processing Plant closes in Adak

The fish processing plant on Adak was previously operated by Seattle-based Icicle Seafoods but closed in
2013. The city bought the processing equipment at auction to keep it on the island. However the plant
was closed again in 2020. The potential for reopening the plant will depend on the current development
of a BSAI Pacific cod trawl CV cooperative style Limited Access Privilege Program. The closure may set
back the stability needed in the central and western Aleutians to maintain services, a stable population, and
attract long term residents.
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Ecosystem Status Indicators

Indicators presented in this section are intended to provide detailed information and updates on the status
and trends of ecosystem components. Older contributions that have not been updated are excluded from
this edition of the report. Please see archived versions available at: http://access.afsc.noaa.gov/reem/
ecoweb/index.php

Physical Environment Synthesis

Integrated Physical Factors Information

Contributors:

Nicholas Bond, Calvin Mordy, Noel Pelland - Cooperative Institute for Climate, Ocean,

and Ecosystem Studies, University of Washington, Seattle, WA.

Jordan Watson - Auke Bay Laboratories, Alaska Fisheries Science Center, NOAA Fisheries

Ned Laman - Groundfish Assessment Program, Resource Assessment and Conservation Engineering Divi-
sion, Alaska Fisheries Science Center, NOAA Fisheries

Carol Ladd, Phyllis Stabeno - Pacific Marine Environmental Laboratory, OAR, NOAA)

Last updated: October 2020

Synthesis In 2020 all climate indices are at or near average conditions except for the NPGO index, which
has been negative since late 2013. There is an overall coherence throughout the Aleutians with SST above the
mean and increased marine heat wave days since 2013, and persistent subsurface warm temperatures since
2016. This last is shown in the GODAS 100-250 m deep layer maps from 2016-2019 which are consistent
with the bottom trawl water temperature analysis going to 2018. Despite this coherence, regional differences
are evident: i) the regional SST indicator gives a generally consistent picture with large-scale OISST fields
in the North Pacific—warmest conditions are in the eastern Aleutian Islands which also show the largest
positive anomalies of the three regions in autumn 2019 and summer 2020, moderate positive anomalies are
consistent across regions in winter and spring 2020; i) the almost year-long moderate marine heat wave of
2019 in the eastern Aleutians, was considerably shorter and less intense in the central Aleutians and even
less so in the western Aleutians and i) the eddy kinetic energy (EKE) shows a distinct regional pattern with
low EKE since 2012 in the eastern Aleutians which are characterized by high-intensity distinct eddy events,
and less intense but consecutive or prolonged multi-year eddies characteristic in the north and south of the
central and western Aleutians respectively.

Implications for ecosystem dynamics and productivity as it pertains to fisheries management: In general,
higher ambient temperatures incur bioenergetic costs for ectothermic fish such that, all else being equal, prey
consumption must increase to maintain fish condition. Thus, the persistent higher temperatures may be
considered a negative indicator for many groundfish but warmer should still be considered within the thermal
tolerance of each species. The higher temperatures increasing bioenergetic costs and consumption demands
beyond what may be available, may partly explain why the observed body condition of several commercial
groundfish has been lower than the survey mean since 2012. Warmer temperatures can also impact ontogenesis
of Atka mackerel eggs. Temperature is an important determinant of essential fish habitat and sea surface
temperature in particular has been found to be the most important determinant of egg and larval stage
distribution of commercial fish in Alaska. For many of the commercial groundfish for which the youngest age
in the stock assessment is 4 year old or older, effects of this sustained warmer temperature on recruitment
will not be apparent.
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Introduction

We provide an overview of the physical oceanographic conditions impacting the Aleutian Islands, the con-
ditions observed during 2020, and place 2020 in context to recent years. The physical environment has
implications for ecosystem dynamics and productivity important to fisheries within the system and their
management. The information has been merged across sources, from broad-scale to local-scale, and is pre-
sented as follows:

Sections:

North Pacific Climate Overview and Regional Highlights

Winds (North Pacific Sea Level Pressure)

Sea Surface Temperatures, Marine Heatwaves and NMME Forecast

Trawl Survey Water Temperature Analysis and GODAS Subsurface Temperatures
Eddies in the Aleutian Islands—FOCI

GU o=

1. Climate Overview

Lead contributor Nick Bond, nicholas.bond@noaa.gov

Climate indices provide an alternative means of characterizing the state of the North Pacific atmosphere-
ocean system. The focus here is on five commonly used indices, of which the first three are potentially
the most relevant to the Al: the NINO3.4 index for the state of the El Nifio/Southern Oscillation (ENSO)
phenomenon, the Pacific Decadal Oscillation index (PDO the leading mode of North Pacific SST variability),
the North Pacific Index (NPI, area-weighted sea level pressure over the region 30-65°N, 160°E-140°W), the
North Pacific Gyre Oscillation (NPGO, 2nd dominant mode of sea surface height variability in the Northeast
Pacific), and the Arctic Oscillation (AO). The time series of these indices from 2009 into spring/summer
2019 are plotted in Figure 9. The dominant atmosphere-ocean relationship in the North Pacific is one where
atmospheric changes lead changes in sea surface temperatures by one to two months. However, strong ties
exist with events in the tropical Pacific, with changes in tropical Pacific SSTs leading SSTs in the north
Pacific by three months). The NPGO is significantly correlated with previously unexplained fluctuations of
salinity, nutrients and chlorophyll-a measured in long-term observations in the California Current (CalCOFI)
and Gulf of Alaska (Line P). The AO is characterized by winds circulating counterclockwise around the Arctic
at around 55°N latitude; during a positive phase, colder air is confined across polar regions; in a negative
phase, winds becomes weaker which allows an easier southward penetration of colder, arctic airmasses and
increased storminess into the mid-latitudes. For each time series discussed below, the analysis is based on the
monthly values that are normalized using a climatology based on the years of 1981-2010. This climatology
is what are considered the long-term average or "normal” conditions.

The NINO3.4 index was positive during 2019 through April 2020. Its magnitude was slightly above 0.5 from
fall 2019 through early spring 2020, implying that equatorial Pacific ocean temperatures just reached the
threshold NOAA uses to indicate El Nino conditions. It was the second boreal winter in a row meeting that
threshold; it was somewhat weaker than its predecessor during the winter 2018-19, and much weaker than
the extreme event of 2015-16.

The PDO declined from a three-month average value of about +1 in summer 2019 to -0.7 in March 2020.
This decline was associated with a combination of modest cooling along the west coast of North America
and warming in the middle latitudes of the North Pacific west of the dateline, relative to seasonal norms.
The latter region underwent cooling during the late spring and summer of 2020, resulting in an overall SST
anomaly pattern that little resembles that of the PDO, and a near neutral value for that climate index.

The NPI effectively represents the state of the Aleutian low, with negative (positive) values signifying

relatively low (high) SLP. The NPI tended to be weakly negative during the summer of 2019 before entering
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Figure 9: Time series of the NINO3.4, PDO, NPI, NPGO, and AO indices (ordered from top to bottom)
for 2010-2020. Each time series represents monthly values that are normalized using a climatology based
on the years of 1981-2010, and then smoothed with the application of three-month running means.
The distance between the horizontal grid lines represents 2 standard deviations. More information on
these indices is available from NOAA’s Physical Sciences Laboratory at https://psl.noaa.gov/data/
climateindices/.

a strongly positive phase during the winter of 2019-20. This was especially the case in February 2020, during
which the average SLP in the region used to specify the NPI was the greatest on record for the month. The
Aleutian low tends to be stronger, i.e., the NPI is negative, during El Nino. This is opposite to what occurred
in the winter of 2019-20, and to a lesser extent in the previous winter of 2018-19. The NPI relaxed back to
a near average state in the summer of 2020.

The NPGO continued its multi-year decline from strongly positive in 2012 to strongly negative in the fall of
2019, with the extreme value of about -3 representing a record minimum for the period of record extending
back to 1950. This index subsequently increased during the first half of 2020, but remained substantially
negative. The negative sense of the NPGO generally includes warmer than normal upper ocean temperatures
south of Alaska between 35 and 50°N and is associated with high SLP over the GOA and low SLP in the
vicinity and northeast of the Hawaiian Islands.

The AO represents a measure of the strength of the polar vortex, with positive values signifying anomalously
low pressure over the Arctic and high pressure over the North Pacific and North Atlantic at a latitude of
roughly 45 °N. As for the NPI, early 2020 was highly unusual with a peak value of the AO approaching
+4 standard deviations in terms of a seasonal (3-month) mean. This set-up helped bring about the coldest
winter (Dec—Feb) for Alaska as a whole since 1998-99, with mean temperatures on the order of 6 °C colder
than those during 5 of the 6 winters immediately preceding. A marked decline in the AO occurred during
the spring of 2020 to near neutral values in summer 2020.
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NP Climate Summary. The North Pacific atmosphere-ocean climate system during autumn 2019 through
summer 2020 featured generally higher than average sea level pressure and above-average upper ocean tem-
peratures south of Alaska. The anomalously high pressure was especially prominent during the winter of
2019-20 and coincided with an intense polar vortex, as indicated by a strongly positive state for the Arctic
Oscillation. This regional atmospheric circulation pattern occurred despite the co-existence of weak-moderate
El Nino conditions in the tropical Pacific, with the latter usually accompanied by a strong Aleutian low,
i.e., negative sea level pressure anomalies. The sea surface temperature pattern during the period considered
here represented a strongly negative state of the North Pacific Gyre Oscillation, particularly during the latter
portion of 2019; the Pacific Decadal Oscillation transitioned from moderately positive in summer 2019 to
moderately negative during much of 2020. The climate models used for seasonal weather predictions are
indicating elevated odds (~85%) of La Nina for the winter of 2020-21. Model projections for early 2021
indicate that sea surface temperatures in the North Pacific are likely to remain warmer than average in the
central North Pacific south of 50°N, with near-average temperatures for the central and eastern Aleutians
and southeast Bering Sea shelf, and typical to slightly cool temperatures for the northern Gulf of Alaska.

2. Regional Highlights

Aleutian Islands. The Aleutian Islands experienced relatively warm weather in the early fall of 2019 with
then a transition to more average air temperatures in winter 2020. The weather was quite variable in
spring followed by a warm summer in 2020. The western portion of the Aleutian Islands tended to be
relatively stormy in winter and spring 2020, with the central and eastern portions of this region on the
quiet side, in large part due to an Aleutian low that was much weaker than usual. The sub-surface marine
heat wave noted below for the GOA and Alaska Peninsula extended westward, past the eastern and central
Aleutians, including the western Aleutians. According to the National Centers for Environmental Prediction
Global Ocean Data Assimilation System (GODAS), NOAA’s operational ocean analysis, and considering
temperatures in the 100 to 250 meters layer relative to historical averages, the western Aleutians have
not been as warm as farther east, but have nonetheless remained above the historical norms as have the
central and eastern Aleutians since about 2016. There are relatively few direct sub-surface observations to
constrain the GODAS analysis in this region, but these results seem to be supported when compared to water
column temperatures estimated from the bottom trawl survey conducted by the AFSC in the Aleutians (see
corresponding section below).

Gulf of Alaska. The coastal GOA featured slightly warmer than average air temperatures from fall 2019
through the winter of 2019-20. There were slightly reduced wind speeds during this period, but also onshore-
directed flow anomalies, resulting in greater precipitation than usual for most of the coastal watersheds of
the GOA. The freshwater runoff in this region appears to have included slightly elevated flows on many
rivers with a greater tendency for higher flows on the smaller streams. The GOA coastal winds anomalies
were in a clockwise sense (upwelling-favorable) from late 2019 through spring 2020. The near surface ocean
temperatures in the GOA were generally on the warm side, especially early in the period considered here
and offshore of the shelf break. It bears mentioning that a prominent marine heat wave (MHW) occurred
in the sub-surface waters (depths between roughly 100 and 250 meters) of the central and western GOA
in mid-late 2019, followed by marked cooling during 2020. This warm water at depth originated off the
British Columbia coast and in part represents a lingering effect of the extreme NE Pacific MHW of 2014-16.
This conjecture is based on temperatures from NOAA’s Global Ocean Data Assimilation System (GODAS),
which uses a numerical ocean model that ingests real-time surface and sub-surface observations to monitor
three-dimensional physical oceanographic conditions. The data considered here was downloaded using the
application at apdrc.soest.hawaii.edu. Air temperatures in the vicinity of the Alaska Peninsula were
mostly warmer than average, especially during autumn 2019 and summer 2020, with more typical temper-
atures from late winter through much of spring 2020. Wind speeds were on the whole lower than average.
The SSTs were also on the warm side, but not to an extreme, with positive anomalies on the order of 0.5
to 1°C in coastal areas. The warmth at depth noted above for the GOA extended southwestward along the
shelfbreak on the south side of the Alaska Peninsula during summer and fall of 2019, with rapid cooling
beginning near the end of 2019 continuing into 2020 bringing more normal temperatures.
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Bering Sea deep basin. The western, deep portion of the Bering Sea experienced anomalous winds from the
west off the eastern tip of Siberia during much of the winter of 2019-2020, resulting in cooling to average
SSTs after a warm fall in 2019. The weather in spring was variable, with some warming of the upper portion
of the water column relative to seasonal norms. There is the suggestion that some of this warming can be
attributed to warm water south of the Alaska Peninsula being transported through Unimak Pass and other
gaps in the eastern Aleutian Island chain and subsequently being entrained in the northward flowing Bering
Slope current along the eastern Bering Sea shelf break. But again, direct measurements are scant and it
is highly uncertain whether the GODAS product can properly account for the processes that result in the
transport of Pacific water into the Bering Sea, and the subsequent fate of this water. At any rate, by summer
2020 the upper part of the water column in the deep basin of the Bering Sea was relatively warm in the
north and cool in the south.

2. Wind

North Pacific Sea Level Pressure Anomalies

Lead contributor Nick Bond, nicholas.bond@noaa.gov

The state of the North Pacific climate from autumn 2017 through summer 2018 is summarized in terms
of seasonal mean sea surface temperature (SST) and sea level pressure (SLP) anomaly maps. The SST
and SLP anomalies are relative to mean conditions over the period of 1981-2010. The SST data are from
NOAA’s Optimum Interpolation Sea Surface Temperature (OISST) analysis; the SLP data are from the
NCEP/NCAR Reanalysis project. Both data sets are made available by NOAA’s Earth System Research
Laboratory (ESRL) at https://www.psl.noaa.gov/cgi-bin/data/composites/printpage.pl.

The SLP pattern during autumn (Sep—Nov) 2019 (Figure 10a) featured a positive anomaly center over
the Gulf of Alaska (GOA), and negative anomalies from the Sea of Okhotsk to the eastern tip of Siberia.
The southeasterly wind anomalies accompanying the GOA positive SLP anomaly contributed to the quite
warm SST anomalies mentioned below; this SLP anomaly was also associated with upwelling-favorable wind
anomalies in the northern and eastern GOA, continuing southward along the British Columbia coast.

The winter (Dec—Feb) of 2019-20 featured a large SLP anomaly centered between the Hawaiian Islands and
mainland Alaska (Figure 10b) with a peak value approaching 10 mb, which represents an anomaly of extreme
magnitude. This pattern implies substantial suppression of the storminess between 30 and 50°N across the
North Pacific, especially east of the dateline. It also indicates wind anomalies from the west on the north side
of the SLP anomaly center, particularly for the GOA, and hence anomalous equatorward Ekman transports
for the upper ocean mixed layer in that region.

Relatively high SLP continued to dominate the central and eastern North Pacific through spring (Mar—May)
of 2020 Figure 10c, with a positive anomaly center exceeding 8 mb located just south of the Alaska Peninsula.
The circulation around this high SLP center brought anomalous winds with a component from the south
over the eastern and northern Bering Sea. It also implies a continuation of westerly wind anomalies for the
central GOA, and upwelling-favorable northwesterly wind anomalies for the coastal regions of the eastern
GOA and British Columbia. The distribution of anomalous SLP resulted in modest wind anomalies from
the southwest for much of the North Pacific west of the dateline.

The distribution of SLP anomalies across the North Pacific during summer (Jun—-Aug) of 2020 is shown in
Figure 10d. Low pressure occurred over the GOA with higher pressure to the south between Alaska and the
Hawaiian Islands in a similar sense to that of the previous winter, but with much weaker magnitudes. The
SLP over the western North Pacific was lower than normal north of about 35°N and higher than normal
from northeast of the Philippines to east of Japan with peak anomaly magnitudes of 1-2mb.
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(a) Autumn (b) Winter

(c) Spring (d) Summer
Figure 10: SLP anomolies for autumn (September—November 2019), winter (December 2019-February 2020), spring (March—May 2020), and
summer (June-August 2020).
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3. Sea Surface Temperature

Sea Surface Temperature

Lead contributor Nick Bond, nicholas.bond@noaa.gov

The SST anomalies are relative to mean conditions over the period of 1981-2010; the SST data are from
NOAA’s Optimum Interpolation Sea Surface Temperature (OISST) analysis. The data set is made available
by NOAA’s Physical Sciences Laboratory (PSL) at https://www.psl.noaa.gov/cgi-bin/data/composites/
printpage.pl.

The SST during the autumn of 2019 (Figure 11) was warmer than average for almost the entirety of the
eastern North Pacific Ocean. Warm conditions also occurred in the western North Pacific between 30 and
45°N from the Korean Peninsula to 160°E. Especially prominent positive anomalies extended from the
Chukchi Sea to a broad region between the Hawaiian Islands and the Pacific coast. The magnitude of the
SST anomalies exceeded 2°C over much of the southeast Bering Sea shelf and south of the Gulf of Alaska
(GOA). Warmer than average but more moderate SSTs were present along the west coast of North America
from California to the northern GOA. The lesser anomalies in this coastal strip are consistent with the
upwelling-favorable wind anomalies discussed in the previous section. It is noted that temperatures at depth
(roughly 100 to 250 meters) in the western GOA were considerably warmer than average during autumn
2019 from a historical perspective (not shown). The equatorial Pacific had a patch of SST anomalies greater
than 1°C just west of the dateline but otherwise near average temperatures.

The distribution of SST anomalies during winter (Dec—Feb) of 2019-2020 (Figure 11), relative to the previous
fall season, featured moderation in the magnitudes of the positive anomalies south of mainland Alaska, and
considerable cooling on the southeast Bering Sea shelf. The latter conditions represent a marked contrast
with the warm to extremely warm winters of that region during the 5 preceding years. Cooling in the central
and southern Gulf of Alaska is consistent with the anomalous westerlies and equatorward Ekman transports,
noted above, drawing cooler water from north to south in the surface layer. The equatorial Pacific included
a patch of SST anomalies slightly greater than 1°C near the dateline in association with a weak El Nino of
the central Pacific or “Modoki” variety.

The spring (Mar—May) of 2020 included relatively warm SSTs throughout much of the North Pacific (Figure
11). The water that was more than 1°C warmer than usual south of Alaska increased in area from the previous
season. There was also a substantial increase in temperatures in the southeastern Bering Sea, relative to
seasonal norms, accompanying a rapid retreat of sea ice driven by southerly wind anomalies. The coastal
waters of western North America from the GOA to Northern California had near average temperatures. The
weak El Nino of the previous winter continued to fade, with some warmth remaining along the equator west
of the dateline and near average conditions in the east.

The large-scale SST anomaly pattern in the North Pacific during the summer (Jun—Aug) of 2020 (Figure 11)
featured mostly continued warmth east of the dateline between Alaska and the Hawaiian Islands. Cooling in
an overall sense occurred west of the dateline, relative to the previous spring, with the development of negative
anomalies from the western Aleutians to the entrance to the Sea of Okhotsk, and a diminishing of positive
anomalies between about 30 and 45°N. Prominent warm anomalies on a smaller spatial scale developed on
the southeast Bering Sea shelf and in the southeastern Chukchi Sea along the northwest coast of Alaska.
Cold SSTs were present in the eastern equatorial Pacific, with the vestiges of the warm temperatures of
the past winter and spring confined to the far western portion. The latter portion of this period featured
the development of positive SST anomalies of substantial magnitude (1.5-2°C) in the central and western
GOA. This warming was associated with wind anomalies from the north; this kind of flow in summer tends
to bring relatively warm and dry air off of mainland Alaska over the water, resulting in enhanced warming
during this time of year.
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(a) Autumn (b) Winter

(c) Spring (d) Summer
Figure 11: SST anomolies for autumn (September—November 2019), winter (December 2019-February 2020), spring (March—May 2020), and
summer (June-August 2020).
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Regional Sea Surface Temperature and Marine Heatwaves

Lead contributor Jordan Watson, jordan.watson@noaa.gov

Sea surface temperature is a foundational characteristic of the marine environment and temperature dynamics
can impact many biological processes. Changes in temperatures can influence physiological processes of fish
(e.g., metabolic rates and growth rates), fish distribution (e.g., (Yang et al., 2019), trophic interactions,
availability of spawning habitat (e.g., (Laurel and Rogers, 2020)), and energetic value of prey. Extended
periods of elevated SST above seasonal expectations are known as marine heat waves (MHWSs) (Bond et al.,
2015; Hobday et al., 2016). Trends in SST and MHWs are presented here throughout the Aleutian Islands
ecosystem regions.

Satellite SST data (source: NOAA Coral Reef Watch Program) were accessed via the NOAA Coast-
Watch West Coast Node ERDDAP server https://coastwatch.pfeg.noaa.gov/erddap/griddap/NOAA_
DHW.html. Daily SST data were averaged within the western (west of 177°W), central (170°W-177°W),
and eastern (163°W-170°W) Aleutian Islands. While the data in this case have been aggregated spa-
tially within each region, the Coral Reef Watch dataset was selected (instead of the OISST time se-
ries) because of the finer spatial resolution, which could support finer spatial scale analyses in the fu-
ture. The earliest complete 30-year time series (1986-2015) was used as the baseline period for mean
and standard deviation comparisons (Hobday et al., 2018; Schlegel et al., 2019) for discussions of baseline
choices. Detailed methods are online, including maps of the spatial strata and querying satellite data with R
(github.com/jordanwatson/EcosystemStatusReports/tree/master/SST). Annual SST time series are
apportioned from December of the previous year through November so that the winter season (Dec—Feb) for
each year can be consistently aggregated. A time series decomposition (i.e., seasonality and noise removed)
is also provided to better illustrate the long term trends in SST data (Edullantes, 2019).

Warm water events have become so frequent in the world’s oceans that a new method for describing them
has been formalized. A marine heatwave occurs when SST exceeds a particular threshold for five or more
days. That threshold is the 90" percentile of temperatures for a particular day of the year based on a
30-year baseline (Hobday et al., 2016). The intensity of a MHW can be further characterized by examining
the difference between the 90th percentile threshold for a given day and the baseline (average, or "normal”)
temperature for that day. When the threshold is exceeded, the event is considered moderate, strong (2 times
the difference between then threshold and average), severe (3 times the difference between the threshold and
normal), or extreme (>4 times the difference) (Hobday et al., 2018). MHW indices were developed using
the heatwaveR package (Schlegel and Smit, 2018).

Status and Trends

During the winter (Dec — Feb) and spring (Mar — Jun) of 2020, SST in all three regions of the Aleutians
was generally more aligned with 2019 than with